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This report describes tests conducted at the Langley
Hemnorial Aeronautical Laboratory on an Yair-indtcting® ex-
haust manifold for aircraft engines. The exhaust gases -
from each cylinder port are discharged into the throat aof . .
an exhaust pipe which has a frontal bellmouthr. Cooling I
air is drawn 1into the pipe, where it surrounds and mizxes R
with the exhaust gases, Temperatures’ of the menifold , =
shell and of the exhzust gases were obtained in flight for
both a conventional manifold and thze air-inducting mani-
fold. The air-inducting manirfold was installed on an en-
gine which was placed on a test stand. Different fuels
were sprayed on and into the manifold to determine whether
the use of this manifold reduced the fire hazard.

The flight tests showed reductions in manifold tem-
peraturvs of several hundred degrees, to values below the
ignition point of aviation gasoline. On the test stand
wiren the engine was run at idling speeds fuels sprayed in-
to the manifold ignited. It is believed that at low engine
speeds the fuel remained in the manifold long enough to
become thoroughly heated, and was then ignited by the ex-
haust gas wiaich had not mixed with cooling air.

The use of the air-inducting cxhaust manifold must
reduce the fire hazard by virtue of its lower operating
temporature, but it is not a completely satisfactory solu- -
tion of the problem. :

INTRODUCTION

Airplane engine-exhaust manifolds which are hot enough
to iznite the fuel or lubricating oil spilled on them are a
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serious fire hazard. 4 leak in fuel'or oil lines, or a
cresh which might not otherwise bDe serious, may cause fuel
or 0il to come in contact with the hot -exhaust.manifolds ) Lo

and start a fire.

Experiments at this laboratory in which samples of e
different aircraft fuels and lubricating oils have been -
dropped onto heated metal surfaces have shown that igni-

tion will not occur under a temperature of about 1,250° F.

for aviation gasoline, 880° FP. for Diesel fuel o0il, and

8400 ¥, for lubricating oil. Xthn gives values of 1,040° ,

¥. for gasoline, 1,110° F. for Diesel oil, and 950° F. for
lubricating oil., (Reference 1.) Differences in the meth- _
ods used and in the samples tested may easily explalan the

variation in the temperatures determined.

There are three ways to prevent the exhaust manifolds
from starting fires: lower the temperature of the mani-
fold, raise the ignition temperature of the fuel and oil -
used, or -prevent fuel or oil from coming into contact with '
the manifolds. All of these expedients have been tried,
with varying degrees of success. '

Exhgust-pipe temperatures have been lowered by using
short individugl stacks, either of steel or of alumiauvm,
or by using manifolds constructed of aluminum and embodying
cooling fins. However, except with inverted engines or —
wing engines and pusher engines where the pllot is located
ahead of the engines, the short stacks do not keep the ex-
haust gases away from the occupants of the airplans, and
at night the flames from them interfere with the pilot's
vision. Finned aluminum manifolds of sections thick enough
to withstand vibration are heavy and cause considerable I
drag.

i

w-lilhl

The use of nonvolatile fuels is ths most promising
means for preventing airplane fires, but as yet no power
plant using fuel of low volatility is available which can
equal the gasoline engine on a power-weight basis.

N

Different locations of the tanks have been considered
as a means of preventing the fuel or oil from coming in R
contact with the manifolds. (Reference 2.) This refer- -
ence recommends droppable tanks, or that the tanks be
placed where they stand the least chance of spilling their -
contents over the engine in case of a crash. Howevsr, - -
there is no certainty that an airplane will remain right :
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side up after a crash, so the advantage of any particular
location for the fuel tanks is problematical.

Since the use of shoert exhaust manifolds is not fea-
sible on a large number of airplanes, an investigation was
made to determino possible methods of reducing the temper-
atures of long exhaust manifolds. For the present tests
an Y"air-inducting" exhaust manifold was constructed and
fitted to a Pratt and Whitney "Wasp" engine in a Faircaild
FC2-W2 catin airplane. Short tapsred nozzles bolted to
each cylinder-exhaust port discharge the exhaust gases in-
to the throats of the exhaust stacks, which have open bell-
mouthed ends pointing forward, and which are joined to the
collector pipe at the rear. The high velocity of the ex-
"haust gases in the jet creates a pressure differeatial suf-
ficient to cause cooling air to flow into the exhaust
pipes, whera it surrounds the jets of exhaust gas and rap-
idly mixes with them. Temperatures of the manifold shell
and of the exhaust gases were obtained in flight for both
the air-inducting and the original manifolds. The air-
inducting manifold was also fitted to a Wasp engine which
was mounted on a test stand, and fuels were sprayed on and
into the manifold to determine the probability of fire en-
suing. . - . :

APPARATUS AY¥D TESTS

Apparatus

A Fairezild FC2-W2 airplane was eguipped in turn with
the original and the air-inducting exhaust manifold, and
was used in flight testas to deternine manifold and exhaust-
sas btempecratures. The originagl manifolds are shown ian Fig-
ures 1 and 2. Cylinders ¥Xos. 1, 2, 3, 4, and 5 are con-
mected to a manifold which carries the gases straight down
below tie engine. Cylinders Hos. 6, 7, 8, and 9 are con-
nected irto a manifold waich discharges the gases through
a slit in a tapered tail pipe, and into which is incorpo-
rated = heater for the cabian. The two manliolds gre con-
nocted by a pipe which passes through the engine cowling
ané heats the carburetor inlst air.

The air-inducting manifold whilch was fitted to the
right side of the engine ig shown in Figure 3. The gir-
indvcting exhsaust pipes-are larger than the original pipes
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by an amount sufficient to talte care of the inducted air.
Figzure 4 is & cross section of onse of tne air-induciing

pipes.

The parts of the original manlfold which reached the
highest temperstures were determined by runniﬁg the engine
at night, Several spots were found to glow redly, while
the rest of the manifold surface‘remained blaclk These
2ot spots were situated where thé exhaust gases from the
individuval cylirnders impinged against the wall of the main
manifold, and at the outside of the bend in the left mani-
fold, “just in front of the cabin-heater sleéve. Six
"ehromel-alumel™ thermocouples were embedded in the steel
manifold shell at the hottest places, and three, protected
by porcelain insulators, were inserted through the steel.
shell into the exnaust gases. The Iocations c¢f the thermo-
couples used are given in Table I and - shcwn in Figures 1,
2, and 3. The air-inducting manifold did not run hot
enough to. make any parts.of it appear resd at night, but
thermocotiples were placed where experience with the orig~
ingl manifold indicated that the hot spots world be.

The thermocouples were connected in rotation to a py-
rometer by means of & motor-driven switch. ™he instru-
ments used to supplement the pyrometer readiags were: ro-
slistance thermometers for measuring cold junction and at-
mospheric temperatures, oil temperature thermemeter, en-
Zine tachomster, altimeter, and air-speed indicator. Aa
obgerver recorded the pyrometer readings, waile readings
of other instruments wore recorded by means of a motion—
nicture camers

Tests : -

Each flight on which temperatures were measured was
carried out as follows: first, the engine was run full
thirottle on the ground for 3 nminutes; second, a full-
throttle c¢limd at a fairly low air speed was made for 4
minutes; third, the airplane was brought dowa %o approx-
imately 1,500 feet altitude and flown at full throttle in
level flight for 4 minutes; and fourth, the speed was re-
duced to cruising and the alrplane was Lept 11 lsvel
flight for 4 minutes. _ _ , . B

The air-inducting manifold was also fitted to a Wasp
engline on a test stand, and gasoline, Diessel 0il, and a
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hydrogenated "safety fuel" having a flash point of 135° F,
were sprayed into a bell-mouthed opening of the manifold
t0 determine the likelihood of a fire starting. Temper-
atures were measured at several of the points at which
they were meastured in flight. The tests wero made for a .
range of speecds from idling to full throttle. .

RESULTS AND DISCUSSION OF RESULTS

The temperatures observed when operating with either
manifold ars given in Table I. Each temperature given is
the maximum obtained during the run which it represents.
As was nreviously stated, the ground runs lasted for 3
minutes, z2nd each condition of flight was maintained for
4 minutes. Since the temperatures became practically con-
stant within a minute of the start of each run, the time
allowed was ample to insure that they reached their max-
imum value. The variation im exhaust-gas tenperature for
successive flights with the same manifolds is probably
caused by differences in thoe mixture ratio. .

A few definite and general conclusions may be drawn
from the results of these tests. The temperature measure-
ments given in Table I show that both the exhagust-gas and
exhaust-manifold temperatures can be reduced comnsiderably
by the use. of the air-inducting type of manifold. The tem-
perature of the exhaust gases from cylinder No. 2 was 1,365
to 1,435° F. with the original manifold and 590 to 680° F,
with the air-inducting manifold. The exhaust-~gas temper-
ature given in Table I for cylinder No. 3 with the air-
inducting manifold is not so low as for cylinder No. 2 with
the same manifold. This discrepanrcy is due principally to
the location of the thermocouple with respect to the center
of the exhaust stack. The temperature of the exhaust gases
is much higher in the center of the stack than near the
walls because the inducted air follows the walls of the
stack at first and does not immediately mix with the ex-
haust gases. It is believed that the exhaust manifold
shown in Figure 3 could be improved by using pives of largoer
diametcr between the cylinder and the mein stack and dby
having these pipes connect with the main stack at somse
angle less than 90°. With the above modification the veloc-
ity of the exhaust gases in the stacks would be reduced
and they would be directed so that they conld not pen-
etrate the layer c¢f cold air and 1mp1nge upon the walls of
the exnaust manifold.
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Lower cylinder-head temperatures, can be obtained wilith
thiese manifolds. because the air i1s rapidly removed from
the rear of the cylinder, resulting in increased flow over
the cylinder head. In these tests the reduction in cyl-
inder~head temperature, as shown by thermocouples 10 and
11, Table I, varied from 20 to 90° F,, depending on the
1ocat10n and the operating conditions.

Although these menifolds are more noisy than the
original manifolds the noise does not compare in intensity
with the propellsr noises. They are less noisy than the
short exhaust stacks now in use by the military services.
For night flying the type of air- inducting manifold tested
wonld be more desirable than the short sitacks boecause the
pilot's vision would not be impaired by the glare of the
continuous stream of hot exhaust gasess

. Tests were alsoc made to determine if the air-induct-
ing manifold created any appreciable back pressure at the
exhaust owing to the ares of the opening in the short
gstack inside of the bellmouth being less than the area -of
the exhaust port. These tests were made by running the
engine at full throttle on the ground with the zir-induct-
ing manifold on the right side and the original manifold
on the left side. Hach cylinder was then cut ocut in turn
by romoving the ignition wires, to determine whother the
cyllnders with the air-inducting manifold or with the
original manifold were giving the greater power. Although
.this method is subject to the error introduced by the
difference in output of each cylinder, it was nevertheless
interesting to note that the cutting out of the cylinders
served by the gir-inducting manifold gave consistently a
slightly greator decrease in engine aspeed than was ob-
tained when the cylinders served by the origlnal manifold
were cut out. .

The principal object of these tests was to reduce the
exhaust-gas and manifold temperatures. Therefore, no
attempt was made to streamline the air-inducting manifold,
which was of much greater dlameter than the originsgl. A
flight test was conducted, however, to determine the max~
imum eir speed obtainable when a completso set of air-
indvecting manifolds was used, and a similar test was mado
with the original manifolds. In these tests, which were
made the same day under similar conditions, speeds of 125
miles per hour at 1,815 to 1,320 revolutions per minute
and 124 miles per hour at 1,800 revolutions per minute
were obtained with the original and the air-inducting
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manifolds, respectively. This small difference must be
attributed to the difference in resistance or %o exper-
imental error either in these flights or in the previous
test showing the effect of exhaust back pressure.

The tests in which fuels were sprayed into the man-
ifold showed that the fuels would not ignite when in con-
tact with the manifold or when sprayed into the manifold
with the engine running above a spesd of 900 revolutions-
per minute. At lower speeds, however, all the tested
fuels ignited when sprayed into the -manifold. At the
low engine speeds the fuel probadly remained in the man-
ifold long enough to become thoroughly heated, and the
flame from the exhaust-stack nozzles ignited it. It was
noted that Diesel o0il and the high-flash Y"safety fuel" )
which were slower to vaporize, were more readily ignitcd
than gasoline., The fuels could not have been ignited Dby
coming in contact with the exhaust nozzles, for e thermo-
couple placed on a nozzle for one test showed a maximum
temperature of only 4807 F.

CONCLUSIONS

l. The maximun temperature of the air-inducting ex~
haust manifold is from 200° to 400° F. lower than that of
the original manifold, and there is an even greater re-
duction in the temperature of the gases in the manifold.

2. Although the temperature of the air-inducting ex~
haust manifold is well below the ignition temperature of
fuel or oil, i% is still possible for fuel to be ignited
by the cxhaust gases if it finds its way into the manifold
when the engine is throttled sufficiently.

3. The gir-~inducting manifold 1s not so effective a
gsilencer of exhaust noises as the original manifold.

4, There was very little change in the high-speed
performance of a Fairchild FO2-W2 airplane when egulpped
with the air-inducting exhaust manifold.

Langley Memorial Aeronauntical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 25, 1931.
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TABLE I

EXHAUST GAS AND EXHAUST MANIFOLD TEMPERATURES (°F.)

. Alr-inducting manifolds
Original manifolds Cylinders Nos. 2, 3,
4, .and 5
o » L] [ ] D P L] )] 3 + -
¥ S | do | 28| 5 | EulEe| E8
E‘{é 3 & ,,;: P é: B 51 Fo e
o o 2 H |25 a5 88 S8l 47 | 3|8k
& B | A A h: & & a0 A
1| In exhaust zases from cyllnder No. 2. 1365 | 1365 | 1385 | 1465 605 680 8685 | 590
2| In exhaust gases from cylinder No. 8. 1365 | 1320 | 1435 | 1480
| 1270 | 1280 | 1245 | 1400
1300 | 1310 | 1330 | 1410
1440 | 1460 | 1485 | 1480
3| In exhaust gases from cylinder Wo. 3. 950 [1015 | 1020 | 985
4| In exhaust gases in tall pipe of 1050 | 1050 | 1130 | 1255
original manifold, left glds.
51 In shell of exhanst stack between 850 775 780 835 540 540 505 | 430
cylinders Nos. 2 wnd 3.
6| In shell of exhaust stack in back of 940 240 960 | 1020
cylinger No. 3. 565 305 830 660
7| In shell of exhaust stack between 720 630 7RE 675
cylinders ¥Wos. 4 and 5.
8| In shell of exhaust stack betwesn 550 510 505 | 350
cylinders Nos. 3 and 4.
S [ In sghell of exhanst stagk betwsen 860 780 6280 750
cylinders Nos. 7 and 8. 740 770 725 740
10} In open surface at rear of exhaust 420 400 390 390 340 355 3356 | 310
passage of cylinder head No. 3.
11 | At base of fin at rear of exhaust 465 | 425 400 | 400 395 | 406 | 370 | 350
passage of cylinder head No. 3. _ _ L _
12 | In shell of exhsust pipe from 420 380 245 | 310
cylinder No. 5.
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